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The neutral pion photoproduction on the proton near threshold has a very small scattering cross 
section when compared to the charged channels, which in ChPT is explained by strong cancellations 
between the lowest order pieces. Therefore it is very sensitive to higher-order corrections of chiral 
perturbation theory. We perform a fully covariant calculation up to chiral order p^ and we investigate 
the effect of the inclusion of the A(1232) resonance as an explicit degree of freedom. We show that 
the convergence improves, leading to a much better agreement with data at a wide range of energies. 
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1. Introduction 

There have been many studies of the pion photoproduetion data near threshold in the past few 
deeades [1-9], which were in good agreement with the data existing at the time [10,11]. While ChPT 
models very well deseribe the eharged ehannels of pion photoproduetion even at tree level, this is not 
the ease for the neutral ehannels, where the inelusion of higher orders and loop diagrams leads to 
important eontributions. This is due to the strong eaneellations between amplitude pieees at lowest 
order, whieh makes the eross seetions sensitive to even small eorreetions. 

We foeus on the study of the neutral pion produetion ehannel off the proton. New data from the 
Mainz Mierotron [12] have shown that the existing models fail to eonverge at 0{p^) for energies 
higher than approximately 20 MeV above threshold, both in a fully eovariant approaeh and in the 
non-relativistie heavy-baryon approximation [13,14]. The situation is aggravated by the faet that the 
eorreetions eoming from the fourth order are very small, although they mean the inelusion of many 
new free parameters, the low-energy eonstants of ChPT. 

Our strategy is to stay at ehiral order and to inelude the A(1232) resonanee as an explieit 
degree of freedom. This ehoiee is due to the faet that, sinee the total eross seetion of the produetion 
off the proton is very small elose to threshold, the A(1232) resonanee eould have a quite important 
eontribution [15], whose effeet beeomes ever elearer when moving to energies eloser to its mass [16]. 
The effeet of the inelusion of this resonanee has been thoroughly studied in [17-24]. We show that, 
although we are not ineluding any additional fitting eonstants, the dynamies of the A(1232) resonanee 
is a suffieient addition to well deseribe the experimental input even at photon energies higher than 
200 MeV. 

2. The ChPT Lagrangian 

We deseribe the pion produetion in a fully eovariant O(p^) ChPT ealeulation ineluding nueleons, 
pions and photons. In this ease, the needed terms of the Lagrangian read 

-CnN = T'jilZ) - m -I- y^ {cef/^y + C7Tr [/+^]) 
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+ (“^sTr [ff^yUa] + dgTr [/+^] «„) + h.c.j D/j 

+ ^ (jieTr [;t+] + i^/is/rs [D^,;^-]) j'P + ■ ■ ■, (1) 

with the definitions given in [25]. Furthermore, we inelude the degrees of freedom of the isospin-3/2 
A quadruplet. The relevant terms for the ealeulations up to the eonsidered order in this paper are 

- 2£Tk>^’f"j 

The definitions ean be found in [22] and the full set of diagrams in [26]. 

The power-eounting seheme we follow here is the so-ealled S expansion, where the mass dif- 
ferenee 6 = Ma - m is treated as being an additional small quantity of order This eounting is 
adequate for energies elose to the pion produetion threshold and suffieiently far from the A(1232) 
resonanee. The order of a diagram is then given by [27] 

D^4L + Y,kVk-2N,-NN-^NA. (3) 

When doing this expansion, the loop diagrams with virtual isospin-3/2 states start appearing only 
at order Therefore, for a 0{p^) ealeulation it is sufheient to eonsider the virtual-A(1232) tree 
diagrams only. 

While ChPT has a elear order-by-order eounting when treating mesons only, the inelusion of 
baryons into the theory leads to the emergenee of power-eounting breaking terms. They appear in 
diagrams where baryon propagators are inside of a loop. After integrating over the virtual loop mo¬ 
menta, terms of a lower order than the nominal diagram order might appear. In addition, the usual 
divergenees of dimensional regularization also have to be dealt with. We opt for the ROMS regular¬ 
ization seheme, where both these problems are addressed simultaneously, by absorbing their fully 
analytieal expressions into the low-energy eonstants of the eorresponding order [28,29]. The sueeess 
of this renormalization seheme has been thoroughly studied on many physieal observables in [30-41]. 
More speeifieally, we use the modified minimal subfraefion MS seheme [42]. 

3. Results and discussion 

Wifh fhe model infrodueed in fhe previous seefion, we did fit to the data from [12]. At first, 
we tested the behaviour when not ineluding the spin-3/2 states. We eould qualitatively reproduee the 
results already found in [14]: The eross seetions are overestimated near threshold and underestimated 
at high energies. This is beeause one is missing the eomponent whieh deseribes the steepness of the 
variation of the eross-seetion size with the energy. It is solved by ineluding the A(1232)-resonanee 
dynamies, although no new fitting eonstants are introdueed. The results are depleted in Fig. 1. Al¬ 
though the size of the diagrams with virtual isospin-3/2 states is aetually very small, they are essential 
to well deseribe the data with ChPT. For eompleteness, we also show the eomparison between data 
and theoretieal model of other observables at some example energies in Fig. 2. 

As future prospeets, we want to study the effeets of the inelusion of the next-order diagrams, 
whieh would introduee loop diagrams with virtual isospin-3/2 states. Furthermore, the aim of this 
study was to show how, when restrieting the fitting eonstants in the exaet same way as done previously 
in models without ineluding the A(1232) resonanee, the theoretieal model eonverges mueh better even 
at high energies. In order to be able to make statements about the values of the low-energy eonstants, 
it is neeessary to extend this work to other pion-produetion ehannels, so being able to have more data 
and to study different eombinations of the low-energy eonstants. 
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Fig. 1. Comparison between the theoretical model without (blue dotted line) and with (green line) the inclu¬ 
sion of the A(1232) resonance, at three different energies. The size of the contribution of the diagrams with a 
virtual isospin-3/2 state only is also shown as the black dash-dotted line. The data points are taken from [12]. 



Fig. 2. (a) Real part of the multipole (b) Photon asymmetries for the model without (blue dotted line) 

and with (green line) the A(1232) resonance. The data points are taken from [12]. 
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